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The recssn ci^^ t&rg&scafe %rn» 

thesis vl$h$&$h*i& m$m®h$s km opened the dtfor to 
siodvisg ttef p&y^sgg: ^4' propert&Ss wh ich m& 
•expected io be qqke ijrkqoc^^ However, the Samples s&aj 
■qssiads i&fgs a^rxmts o; bjptsrides (tyjdcady 30% or 
mora), such as mio^phms carbon aad cw&lylic n>eia! parti- 
eta, that need ■ |o : bfc. dhahmed f^..^i&ist^ : -xn«asufc>&&i^ 
whether o^a studies ih^ -byife or the mdsvkhod i&be$-.H6r&- 
■•we r.q>orr ao s&treiHery sim^te.artd Mhciessi rnediod for rs- 
roovtog ;oosi of gh^-tt&f&rfti&s. ?£$m the naaombo 

It behev&d ihss p?Mife:don of siogkr-shdl nenoiub*$ 
haaad. oo pteie?end;d : osidakoo aa&or sepsnsdoB using 
; xnrsaolaois was- much mm? dlfmull than that of sHuktshetf 
mm^s^^ For foss&nc£ v gas-phase 'oxk&iioiv which 
y:ekfe piififjed mt*iti&he|£ jia?^o^a>e:si^ destroys rho $o*gie- 
a&^tfSte b^tor^ iiny'ihirig §f S g hi :d*e ^mpie. So ei- 
foris hsva^eo dueled as. t?k^fymg other -echsdques ork 
gmaUy developed lor rriodfeh aaooOrbrrsJ'^ : ibhp a: 
porddhoda rnet:hod &$&g iihr^micm^-i. m wait? aoti 
ireasrnem mih hydrochloric add. Tfeyidd of pa*&.s*ngfc- 
;;heu' »ano«\ifee$ h oafy 2 % of ihs s*artd>f ? n^ierkd for a. 
4$ h process, More receody, B^jhIovv &t ak^ reported a : " 
method makdy based : on aikrohdradon msd^r oversres 
Wiiu A roaior sdvaotage ol dha .process Js -aa* k is driven 
by pure physk^chefr^k^k infenickoiu of the carbon prod 
wjih the ampmpHI^c rctgj&£8&s ond the hUer v'triism- 
brarur;Mr»% .5 hie na&oidoes uod;rrnag?xkl^e most mrmns 
drawback k> ths d&peiKtoee oi this proesdura orosrie q ^^i- 
iiy i>f cbe r^^vple. U -is- known rtta£- somoi-in'g nonoojbes (or 
a iowg pe^od .a? iioisi mi as. a high fra^oency c^ji cau^e 
dajo-^a by breakup d-e :jarK>ud>es duo ^mal^r 
pieces;> l * 5i We have iound d hard u$«fttrcess!'jfty--&t 
mzxhm lo 415 ^m.p|^ .^gmficaiu 

i o^ oj^a^s^ep n)e;hod presejH«<i hera dj>es mi appear u t 
be seBsinve to ifosqualny tsf ihe siarskig ^;s^:risL More 
ov-5 v it skn>^ria^5 at ehe sarna tinyt iht: cittfk>mc&mti -simis ■■ 
n«j and >rsim of jihe caralydc moiarooatao?. 
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11m immi\$bm prepared by the 

oven ah^doo method^^ {^ee Esper^ea^d sceffem). In 
way, up feo-30 Jng/h of rasv ^aieda! c$pM W ,svMhs5«d j: 
pfovior^g ike tfX*used Ir^er spm waa cookoooeshr 
moved ori the ■ Iswgat .4^fto> to uisifonr-ly mh& ihz st^etr 
hcia! mafenal. Among 3^ die psr^we^ <;d rhis roethod. 
this ode soeiris to be iNe most crii&aj in order 10 okm* 
good yields. Tnz mmm^on . elector? r^ieroscopy (THM) 
pkrures do Hgisra 1 show the quaidy of snah raw sieale - 
sh«U oanonib^ sampicK lypkaily. there b a .ir.it£ur« ofsa. 
S0%; of 'lft3»dSes of ^cigk^- skek Jianoiobf^ aad cs. 30 % of 
carhoaafreoi^ .fsi&jeri^ f gray arapkdk iss«ia^ijrr<d^ -^iid 
blaek cscaiy^t (cobstt aad c^kkei} ^rai;x (Hg hi). A closer 
e:<arainadoo (Idg. U?) of the tabes shov.^ a Layer of kreg^ 
far thkkaess of auiOFpho^ carhop coa:do» d?e buhdhss, 
which is paojeabdy abaodiiai where the korxtte cross. 

ds the desire: to open sk: gl<: *s hdl n a 5^o;ohes mih ad^ we- 
proees^^d the tnw aanotuhe ^ijo.ples kj otHkn^fCoocersir^tad 
rutnc , 3 >dd (See Bxpensiwmt^" section}. This o^thod was 
developed for xpznmgmKi ilWrn^ mohisheil naaotude:? by 
.(areen.and co-workera^-lb c^? sorpnse ; d:<e oaootnoe -^ra- 
pie seemed ?o breorne p^reo Alt-er reanxi«g die zzmpk Ibr 
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4hln ^0% mir\c zcklm 120 "C; it was pore,. The zssaii of 
suetr a ^reatrneni ■}$ .•shown in Figures 2a ado! 2b. it is stnkmar 
chut ibc %mgk\~$h$l\ n&noiisbm 'appeared to be siiftlcieotiy 
(djemk^Hy) ben tar .3 krge proporuon m ssmv^.^ch 
singly oxk!kia» eoodkions. Ilie yidds, In semis of kft* 
over welghv ot ^;^ sample a&ero&idado^ cs*j &$ 
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ttg'ttttwni h\ hi>iiin§ *»<<ic srcss*. Mk?f>sc:>pe Hitachi H5^:<x>.N r AR, I Of? fcY 
N«*<\ "fh* -treats* "sampta «W« awrigve 10 ;? v: TEM &j»n> : ifcatt 
gcigifi*; ottKtt&i, f«ei>a% 4r»a uxhs ^^k:« ^N^v^M<^ 

ion'ge areas cd she; mat for? ned by tlx: pure, sinj>|e-sh:£l$ 
nsnm^ ( >n the TEM grim rev^ied «0 severe damage to 
she wads cl she m^aotttfsevss shaws- hj Figure >n The »i- 
t.<ie oeul uo* only refers prefs-r&fciy vdh she p^mcjes bus is. 
leave* most of-ihe lubes dniaarmihe bundles. Occa$[oi^K> 
one ca*r.see tested' tubes hut h k . vety ddficMi to teli 
vyherther the ?uhe$ arc open o* sjos because of the fc*<v ean- 
m$l oi a fth^e.-tt^borvwaff. Some defers* can siiij be ^en 
oud*rou^a;e oj /the -bundles.. Pfohabig, ;afior removing the 
if^timks, ihe add muciii vvnh she miznttmi itxb&% oi |he 
bund.^K. hros^r wonB, the 0tu*r Bib<rs in the fetMtdfe:pr.o-- 

v n .^gsf^i if : ihoeki ati6 be ncKeri ihr^ tvo-diitor^ofi 



M dis ^sgk^^i f^f^be$: ^!re pun&d ^^es, 
c^uld mejsR that sp' -stiiscttar^ fe mostly coasetved a^^ 
(hat the a^otim ofsp* carb^is >fe«sh^, carb^vjk 

shell Wic^te^^ mt: 

iq coyer the eMre s^ee^ Nfevenbe^i thek^ h^rophi> 

snsli j^fsoiub^ SiKce: the eajieate ar^ much:, 

more --stabts !?t. su^^tos j..han the raw o«si Like 

s^uJashe): rnhz^ siimtiing >>l the samples as high tampera- 

AUhoiigh wg did eot see ,aay r^maming caialytK psttklss 
in the sarnpfe,. -si ehe^ka! isoalfsis %v;^ perforayed >he 
^tnpie^ to qoandfy ihe jimeunt M mzini before md after 
perif-e^uon. |-atere$tii3|ly. while the i^rg;e$ cc-jUajaed. Z % 
njetal (Nrand totti wejght ^rcx^ the amo»»« m -tte. 
rw nmotubz ^mpht ^3%. In k^m-f or.aaeoinbe ^n- ' 



o:i:her word^ the meijji conieni is . reduced by: a :foc^.or or$ix 
rei;Mive id the nancjebe eoo^m. The 1% is sun svspvs- 
mpy Urge cen:>fden^g d;a- these aieials r&adfiv dWoive.in 
d>e adil.We are curr«atiy sx^ng lo &d ways,of EOioving 
die fefaainifsg mecar 

A fia;ii rexnark is war^jued.. .Due to their high cuTvamre, 
n<mou;hes pjck np immtnks fn>^ jusr standing in ;dr or m 
n solves L "fhii c;iai^ a v^y hist pioce^. occurting in a day 
or even less, deoendh^ oe »he er;v:ro:5aienL h rec>oH<; in 
the aimotubes being r.oa^d wiih ;> shead^ of zmmyhms 
s^aUthar, which L v j easily oter^d by 'IBM, Noedie^. to $a.y 
raj?; can have ^gndicam consequences on ;nry pfuper.ty 
05ea«jjir : ;rneai£. 

■v. seems cie^r irofm d-ns soaily >h'af.thc 'klnades of 'the re- 
acnvjty oi singte-rh^h ea no raises is difjefeai -ton* ihat of 
both ^uiiisheil ijsuiotsjbes aad i:tinere«*v In p^nkohr d*ey 
are reian^h inert toward oxidanoa by add^ ai iessi in a 
hundh: fomj. This proaeny afiows the n^otodoa of the 
ai; -vynrhesiaad nh-aufe by this usl high^feia- iind rasy to 
hniu^e procedure. Tins is by far the ;>hnpkst .eod Kiost re- 
pro^KibUt Ktiho<\ to date for hoih siagie aod rnuhishalj 
tobes. h shouid he a heJpfsii step kn fewher physical or ' 
ehion ic3i e^pc oa$eu?>; im<i taohaok^u;ai ^apiitonious 



experimental 

i^^ ^m% ^;a»^Mi ^«kx«{>« si- ^»»sife,5.£rt 5 f»L ^ 4^. 
i«a^ ^<k^e ^^vc ite ihpi 3 a, ^<«a^ ft ^-^ : i>f:W- 

?- ,:tw ^ : is- '«is::::<?rf: ^s>i* po*nittis ai jo'.^L' »f i&asfea- <*swu 



Ah« ^ttpe^io^ 0i ^f^^iixt^i^s stilts ii» h& mhli: m -shs 

: ssw;:jr ^>bii*d S^%Ahs-**i ^>vA-- « jjfkii -mi kip* ^ * v'^k^K* 
yss<tey Tfcs -w&s»tt vis^ wb$ss ka^a l^-aitd 50'%. 

^wm£m&st : Mugf^Sitefi N&iviiibtXs A ^ sywfe by s&xw s 

? of ii-'^vic ■w;*™ {:>y;,:.-- ?«<j««ri<ss .iu^} wi« £?S ?, m grap&us ^J' 

ff**$ .^^5 75 ^ h * ?J^A m .. a fr -for 

H' "?* \)X **** i<>5 ^ * a * "^'"C uvgei As -Ustcn sarai. at 

•u4s> v C&; 6 (S # JCT £ rosr); -fas- awiwwifrtwfcw sysshfciis, *i*s tar- 

*ft<s a ^ iWa( ^) ^jiR^^i^-^^.^fig^ The qs^jxi ttte -$«iai«- 

20 :J;50:«iJ;>«^. *$' £&. pa ^p^ ^ im ^nj m 

*«^«t Mh« Soth vs^ 3 ;^ ^ a> a^i -mm fi^ <:« 

tost-sp** <si ^ bsw k j^j^t 

Oct «^ S}»^tJL. :>:> <*M ih\§St lh*\k$>te$ liik lute, 
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